This study was aimed to evaluate the use of numerical methods in the design of hydraulic structures and use a numerical model to validate the simulation of flow over three types of spillway which are: smooth spillway, various of step spillway, labyrinth spillway and side spillway. Numerical methods can assist in the design of hydraulic structures in the evaluation of the energy loss, calculated discharge coefficient and cavitation phenomena investigated by examining the pressure field and flow field. Designers are challenged to use numerical methods for the design of hydraulic structures due to the complexity of the specific flow field of hydraulic structures, such as the free surface flow, two-phase and multi-phase flows, turbulent flow and turbulence. In this study provide the best and efficient numerical methods for the numerical modeling of hydraulic structures, which are obtained by various researchers who have conducted research studies on numerical methods. Using the guidelines presented in this study can help designers in numerical modeling of hydraulic structures that are under all the facts and reliable models apply the results of the numerical method.Computational Fluid Dynamics (CFD) is a type of numerical model that can be used to solve problems involving fluid flow. CFD can provide a significant amount of computation time and more economical solution than a physical model. The fundamental principles for all numerical models are similar. Problems can be described, physically, by a set of partial differential equations. Then, a numerical method is used to formulate a set of algebraic equations that represent the partial differential equations.
Introduction
Dam and reservoirs are being used in many countries in various sizes. They can be constructed by many kinds of materials e.g.; earth fill, rock fill, concrete masonry, roller compacted concrete (RCC), etc. depending on availability of materials, cost, and mass stability. They can be overflowed and cause the overtopping problem if their capacities are less than the difference between inflow and outflow. The most sensitive structures are earth-fill dams, which can be destroyed by a small overtopping (Khatsuria, 2005) [26] . Even the dam that made of other kinds of materials can withstand the overtopping; overflow jet would be more concern about the immediate flow downstream, indirectly. It can cause other damages to the nearby structures and cause failure to them. All dams, then, should be constructed with the high safety device to prevent the overtopping. As a result of dam safety policies, the spillway design flood are among the most conservative dam safety policies. The spillway should be designed to pass probable maximum flood (PMF) (Dubler and Grigg, 1996) [19] . It is also designed to surplus the excess water or flood. Takasu and Yamaguchi (1988) [39] discussed about seven more functions on the spillway. They are; (i) maintain water in river, (ii) discharge water for utilization, (iii) maintain water level for flood control system, (iv) control floods, (v) control additional flood from upstream, (vi) release surplus water, and (vii) lower water level. Spillways have been classified, according to the most prominent feature by Khatsuria (2005) [26] , as shown in Figure This study was aimed to evaluate the use of numerical methods in the design of hydraulic structures and use a numerical model to validate the simulation of flow over three types of spillway which are: smooth spillway,various of step spillway, labyrinth spillway and side spillway. To develop the equations and charts for the preliminary design of spillways for any cases of possible discharges. In this study provide the best and efficient numerical methods for the numerical modeling of hydraulic structures, which are obtained by various researchers who have conducted research studies on numerical methods. Using the guidelines presented in this study can help designers in numerical modeling of hydraulic structures that are under all the facts and reliable models apply the results of the numerical method.Computational Fluid Dynamics (CFD) is a type of numerical model that can be used to solve problems involving fluid flow. The present study is to model the complex flow pattern of two-phase turbulence flow in spillways by using the numerical model. The appropriate turbulence model and multiphase flow model for the simulation of flow over spillways and prediction of the flow velocity with smallest deviation are established. The appropriate grid size for the simulation is also suggested based on Grid Convergence Index (GCI) in order to minimize the discretization error. The numerical model is suggested to expand the simulation results from numerical models to large scale physical models to ensure proper simulation of flow in complex multiphase flows. The analytical solution and also the results from the numerical models are used to develop the equations and charts for the preliminary design of spillways for extreme events. One of the most important advantages of stepped spillway is the energy dissipation. Then, the equations of energy dissipation from using of spillways are proposed. This present the basic theory of the study. It consists of the equations of conservation; Mass conservation equation, Momentum conservation equation, and the Finite Volume Method (FVM) for numerical study. Generally, a CFD model study consists of the following steps: i) obtaining the data of the physical model for grid development; ii) selecting or developing appropriate model method; iii) define the boundary conditions based on available field information; iv) develop the computational grids; v) calibrate and verify the model; and vi) analysis various parameters or scenarios.
Equations of conservation
In the time of development of the computational fluid dynamics, CFD, it has been one of the best tools for the prediction of flow. However, complex flow through spillway still needs more studies and researches to be understood. The description of the physical processes of flow involves a variety of computational methodologies to predict the quantities of the components and its behavior (Franz and Melching, 1997) [22] . The related conservation principles are; (i) the mass conservation, and (ii) the momentum conservation.
Mass conservation equation
Mass conservation equation or continuity equation states that the mass of a closed system of substances will remain constant, regardless of the processes acting inside the system. Matter cannot be created nor destroyed, although it may be changed in form. Consider the flow model shown in Figure 2 , an infinitesimally small fluid element moving with the flow. The sources of the forces are classified into 2 groups; body forces and surface forces.Body forces act directly on the volumetric mass of the fluid element, hence, the body force on fluid element acting in x direction is shown in equation (3.4) . Surface forces act directly on the surface of fluid element, hence, net surface force on fluid element acting in x direction is shown in equation (3.5) . Body force on fluid element acting in x direction (3.5) where fx is the body force on x-direction. Finally, only fy can be applied in the equation as a gravitational acceleration, g (3.6) The total force in the x direction Fx is the sum of equations (3.5) and (3.6) and it is shown in equation (3.7).
The component of acceleration in the x direction, equation (3.3) in the x direction can be written as equation (3.8) .
(3.8) Equation (3.9) is the rearranged form of the equality of equations (3.7) and (3.8) The Finite Volume Method, FVM, is a method for representing and evaluating partial differential equations as algebraic equations. It is one of the most versatile discretization techniques used in CFD. The advantage of the finite volume method is that it is easily formulated to allow for unstructured meshes. Finite volume refers to the small volume surrounding each node point on a mesh. In this method, volume integrals in a partial differential equation that contain a divergence term are converted to surface integrals, using the divergence theorem. These terms are then evaluated as fluxes at the surfaces of each finite volume. Based on the control volume formulation of analytical fluid dynamics, the first step in the FVM is to divide the domain into a number of control volumes where the variable of interest is located at the centroid of the control volume as shown in Figure 4 . The next step is to integrate the differential form of the governing equations over each control volume. Interpolation profiles are then assumed in order to describe the variation of the concerned variable between cell centroids. For Finite volume method, there are many schemes for appropriate solving, they are; -First-Order upwind scheme: this method assign that properties at skin of object are equal to at center of object. It is appropriate used for grid parallel flow. -Second-Order Upwind Scheme: this method assign that properties at skin of object is averaged from two-side cells. It is appropriate used with triangle and hexagon grid cells that flow is not parallel with grid. -QUICK Scheme: this method assign that properties of cells depend on weight of important. It is more accurate than two above-mentioned methods if it is used for cubic or hexagon meshes eddy computation. -Power-Law Scheme: this method uses the interpolation from other grids and its accuracy is equal to FirstOrder Upwind Scheme-A modified HRIC Scheme: this method is appropriate for VOF method. It is available for implicit and explicit computations.
Multiphase flow model
A multiphase flow can be defined as a mixture of flow which consists of more than two phases. For the flow over stepped spillway, free surface flow with high turbulence of air is of interests. Both air and water cannot be ignored from the model because of their influence on the fluid dynamic behavior. Then, in the numerical model, the multiphase flow model should be used in simulation. Two types of the multiphase flow model are used in the present study; (i) Volume of Fluid model (VOF), and (ii) Mixture multiphase flow model (MMF).
Volume of fluid model (VOF)
Volume of fluid model, VOF, which was completely reported in Hirt and Nichols (1981) [24] , is based on a concept of a fractional volume and the fact that the phases are not interpenetrating. It is an interface capturing scheme for the free surface flow with the interface of each fluid is the point of focus (Nikseresht et al., 2008) [34] . Each control volume can be filled with either a single fluid phase or combination phases. The volume fractions of all phases in each control volume sum to unity. In this study, there were 2 phases; air and water flow along the spillway. Due to the volume fraction of each phase in each control volume, the fields for velocity, pressure, and temperature are shared to be the same. The variables for pure water, air, or even mixture can be represented. If and are assumed to be the volume fraction of water and air, respectively, the cell density can be computed by http://www.ispacs.com/journals/cacsa/2016/cacsa-00050/ International Scientific Publications and Consulting Services (5.18) Where is water density, and is air density. The other variables can be computed, instead of density, by the same volume fraction of equation (5.18) . Two schemes of interface tracking are used; the standard interpolation and the geometric reconstruction schemes. The standard interpolation is used to interpolate the properties of a cell when it is completely filled with one phase. The geometric reconstruction scheme is used near the interface between phases to represent the interface between air and water. The equation for tracking the surface between two phase is (5.19) Firstly, the position of the linear interface relative to the center of each partially-filled cell is calculated. Then, the adverting amount of fluid through each face is calculated Using the computed linear interface representation and information about the normal and tangential velocity distribution on the face. Finally, the balances of fluxes, from the calculation during the previous step, are used to calculate the volume fraction. The continuity equation for water, as shown in equation (5.20), is used.
The momentum equation, equation (5.20) , in the xi-direction is dependent on the volume fractions of all phases through the density, , and molecular viscosity, .
Mixture multiphase flow model (MMF)
Mixture multiphase flow model, MMF, used in this study, was proposed by Johansen et al. (1990) [25] . It is a simplified multiphase model that can be used where the phases move at different velocities. It can model n phases by the continuity and momentum equations for the mixture, and the volume fraction equation for the secondary phases. The continuity equation for the mixture is (5.21)
The VOF and MMF models were used to deal with the multiphase fluids. The same main limitations for using both VOF and MMF are; both models cannot be used with the density-based solvers. Only the pressure based solver is allowed. Only one phase can be defined as a compressible gas. Stream wise periodic flow with specified mass flow rate cannot be modeled. However, there are 2 main differences between these models as the manner in which they handle phase interpenetration and the phase velocities. Phase velocities For VOF, which the volume fraction of each phase is known, the variables and properties are shared and represent volume-averaged values. Therefore, depending on the volume fraction, the variables and properties in a control volume can either represent only one of the phase or a mixture of all phases. The VOF solves a single set of continuity and momentum equations and tracking the volume fraction of each phase by tracking equation. In MMF, under the concept of slip velocities, each phase in a control volume can be allowed to move in different velocities. Also, other variables and properties can be different in each control volume. However, if any control volume is assumed to move at the same velocity, then MMF can be reduced to be a homogeneous multiphase model. The MMF solves the continuity and momentum equations for the mixture, and the volume fraction equation for the secondary phases, as well as algebraic expressions for the velocities if the phases are moving at different velocities. With these two differences, the initial boundary condition was set differently. The air velocity in MMF can be set at zero and then reduced to homogeneous multiphase model while the air velocity in VOF is the same as water velocity. http://www.ispacs.com/journals/cacsa/2016/cacsa-00050/ International Scientific Publications and Consulting Services
Turbulence model
Among the linear turbulence models, the widely used two-equation model is based on: (1) the turbulent kinetic energy equation k and (2) the turbulent eddy dissipation ϵ, or the turbulent frequency . Five different turbulence models were chosen in the present study to simulate the flow over stepped spillways: the Standard k-ϵ, the Realizable k-ϵ, the Renormalization group k-ϵ, the Standard k-and the Shear stress transport kmodel.
Numerical method
Approximate solution of a set of algebraic equations is obtained through some form of either an iterative or matrix solution. The solutions from the numerical model are mostly calibrated and verified through comparisons to field observations or physical model experiments (Chanel, 2008 [10] [27] . The FLOW-3D model was used with the initial design plan of the Karian dam in Indonesia. The results showed that the flow in the approach channel was unstable. A revised plan was formulated and the appropriate amended design was examined using numerical modelling. Carvalho and Amador (2009) [7] also simulated the flow in the nonaerated region by using the FLOW-3D with the FDM. Their numerical results were compared with the physical data and found a good agreement in the non-aerated region. Another numerical method that is widely used in the simulation of flow in different forms is the Finite Volume Method, FVM. It is similar to both FDM and FEM in which their values are calculated at discrete places on mesh geometry. Its name refers the structure of its geometry which means the small volume surrounding each node point on a mesh. The surface integrals in a partial differential equation that contain a divergence term are converted to volume integrals, using the divergence theorem. These terms are then evaluated as fluxes at the surfaces of each finite volume. The FEM and FVM are Tadayon and Ramamurthy (2009) [40] investigated three different turbulence models which are; Reynolds Stress Model, RSM, Renormalized k-ϵ model, RNG k-ϵ, and standard k-ϵ model, to analysis the flow over circular spillways. The FVM was also used for the numerical simulation. Dastgheib et al. (2012) [2] carried out, with uses the FVM to simulate the free surface location and predict flow features such as velocity, pressures and complex free surface in different regimes including nappe, transition and skimming flow. Although some literature shows successful comparisons between CFD and physical model as a cost-effective and reliable tool, it still cannot be considered as a complete replacement of physical model for all hydraulic engineering projects (Li et al., 2011) [28] . It still have some limitations in accurate simulation of the formation of free surface and vortices. Hence, more study would provide the confidence to use numerical model for different design purposes. Also, with the use of the finite volume method to simulate the complexity of flow, different kinds of multiphase flow and turbulence algorithms in the numerical method can be used to simulate the flow over stepped spillways. A multiphase flow can be defined as a mixture of flow which consists of more than two phases. [15] for the as multiphase flow simulation of stepped spillways. The simulated pressure profiles on the horizontal step surface were quite. similar to the physical model measurements. However, the pressure profiles on the vertical faces of each step were slightly different between the numerical and physical models. Dong and Lee (2006) [18] studied the numerical simulation of skimming flow overall mild stepped channel. All air boundaries were defined as pressure boundaries with zero pressure specified. Smooth channel flow was also simulated to compare the hydraulic characteristics with the stepped spillway overflow. Qian [16] . They modified the non-linear model to simulate the stepped spillways from Chanson and Toombes (2002) [9] and Boes and Hager (2003b) [5] . The Rl k-ϵ showed the most satisfactory results amongst the linear turbulence models. The modified non-linear model also showed higher accuracy than other non-linear models. Naderi Rad (2007) [29] , compared energy dissipation of stepped spillways and ogee spillway by using volume of fluid method. They show that ratio of energy dissipation to initial energy in stepped spillway is increased 9.80% more than ogee spillway. Bahrami (2008) [3] investigates effective factors in aeration and the role of aerators in preventing cavitation in dam spillways. In this study, to simulate flow from shoot and determining air concentration parameter in bottom of chute, Flow-3D software was used. The main objective of this research is to find ways to prevent cavitation by aeration. Esmaeily (2010) [21] modeled experimentally and numerically flow pattern of cylindrical spillway and simulates it by using Fluent Software. The results of his study show a good coordination between experimental and Fluent results in flow pattern of spillway. Dehdar (2011) [20] studies cavitation of flip bucket in Bala-Rood dam spillway. In this research, the spillway of Bala-Rood was modeled by Flow-3D and hydraulic flow was simulated. Daneshfaraz et al (2013) studies stepped fast water formula of Siah-Bishe spillway is stimulated via Flow-3d software and compared with physical model. This software is an accurate tool in analyzing unsteady 3D flow problems with free surface and complex geometry. It solves problems by solving conservation of mass rmulas, momentum and energy viafinite volume method. In this study, pressure parameter at the beginning, end and along the spillway is studied and negative pressure is observed in some parts. This pressure can make cavitation. The study shows the results of correspondence between physical model and finite volume method modeled by Flow-3d. http://www.ispacs.com/journals/cacsa/2016/cacsa-00050/ International Scientific Publications and Consulting Services Naderi Rad et al (2004 ) studies evaluate energy dissipation in various types of stepped spillways; inclined steps, simple steps, cup steps and steps with end sills by taking into accounts parameters such as; characteristic height of step, flow discharge per unit width and overall slope of steps stepped spillway by numerical method. In this research the governing equations are solved by finite volume discretization method and the standard k-ϵ model is used for estimating the turbulence flow. In this research the structured grid is used to accommodate the well-defined boundaries and the volume of fluid (VOF) method is introduced to solve the complex free-surface problem. Results of the numerical method compare well with the experimental results of other researchers. Tabbare et.al. In 2005 conducted studies on stepped spillway by using finite element analysis. They applied k-ϵ model to account for turbulence. Tabbara et.al. in (2005) [38] took velocity boundary condition to study energy dissipation over stepped spillway and ogee spillway for initial boundary condition they applied a flow profile assuming that the profile reduced the solution time. To achieve their studies they used ADINA software which used finite element to solve the problems. Crookston at al (2010) [17] studies Physical and numerical modelling were used to investigate the hydraulic performance of labyrinth weirs operating under high headwater ratios. Physical modelling was conducted in a rectangular flume in a laboratory setting. Numerical modelling was conducted with commercially available computational flow dynamic (CFD) software (Flow-3D). Preliminary results indicate that the CFD model can accurately predict the labyrinth weir head-discharge relationship obtained from the physical model, including upstream heads (relative to the crest) that exceed the weir height. Extensive physical modelling of labyrinth spillways, primarily flume studies, has been performed, resulting in the development of several design methods. Two of the more common methods used in the U.S.A., referred to herein as the Lux and Tullis methods, are compared for a given labyrinth geometry. Results of a RANS Computational Fluid Dynamics (CFD) model, using commercially available software (Flow-3D), for the same configuration is shown to give results comparable to those obtained using these design methods. Non-standard approach conditions and geometries are modelled using physical and numerical methods and the applicability of the Lux and Tullis methods for these conditions is evaluated. Paxson et al (2006) [36] . Eghbalzadeh et al(2012) studies for investigation of Mixture and VOF method's ability, Air-Entrainment in skimming flow over the stepped spillways is simulated by using fluent software. The numerical simulation results of free surface, velocity components and air concentration in water and circumstance of air entry into the water have been compared with the experimental results. It was found, downstream of the inception point of free-surface aeration where rapid free-surface aeration is observed, free surface is simulated better by Mixture method. Nikseresht et al (2012) [35] studies the two-phase flow over two types of step-pool spillway was investigated using two-phase schemes (Volume Of Fluid (VOF) and mixture) and various turbulence modeling. Numerical simulation of two-phase flow was carried out on two types of step-pool spillway with various slopes. Comparison of the energy dissipation rates and flow field variables of the present simulation with those of experimental models is presented. Results show that the mixture model with the Reynolds Stress turbulence Model (RSM) is suitable for simulation of two-phase flow over spillways. Naderi Rad et al (2008) studies of the probability of cavitation in different types of stepped spillway i.e. simple, inclined steps and steps with end sills parameters such as the number of steps (N), height of steps (S), discharge per unit width of spillway (q), increment of step's height (m), slope of the spillway (α) and even flow characteristics into account and using numerical method. In this research the impacts of the above parameters on cavitation in different stepped spillway were mainly studied. Negative pressures were considered as the primary cause of cavitation. In order to achieve the numerical model study of stepped spillway, finite volume method was employed to account for free surface, the volume of fluid (VOF) technique was used the standard k-ϵ turbulent model was chosen. To get the parameters, power law method was used. http://www.ispacs.com/journals/cacsa/2016/cacsa-00050/ International Scientific Publications and Consulting Services
Conclusions
Numerical modelling using Flow-3D and Fluent yields results similar to the physical model for a Hydraulic structures.It can be concluded, from the numerical results, that the numerical model can be used to model the complex flow pattern of two-phase turbulence flow in spillways. The Finite Volume Method, FVM, is also found to be the numerical method that can be used to simulate the complex flow. The Volume of Fluid, VOF, and the Realizable k-ϵ models are chosen as the multiphase flow model and turbulence model, respectively, that can simulate the flow from the physical model better than the other models. The flow initiation at the inlet is one of the locations that VOF shows the better simulation than MMF. Due to the employment of VOF model to determine free-surface it takes relatively large amount of time to reach a stable flow situation over steps. The existence of eddy and turbidity on steps cause the run-time to increase. VOF model can be used for all flow type modeling and, hence, it obviates the determine flow type. The discrepancy between numerical and experimental approaches are very close.
